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ABSTRACT 
Autoan t ibod ies a g a i n s t n a t i v e DM have been found in sera 
of p a t i e n t s with autoimmune d i s o r d e r s , p a r t i c u l a r l y with systemic 
l upus erythematosus (SLE). Experimental p roduc t ion oi anti-DNA 
a n t i b o d i e s has not been success fu l but the i nduc t i on of a n t i -
« 
bodies against modified forms of nDNA and its synthetic analogues 
have been successfully carriet out. 
The titer and specificity of anti-DNA antibodies in the 
sera of patients with SLE was studied by simple as well as 
inhibition ELISA. IgG was isolated from the SLE serum oy DEAE 
cellulose chromatography. The binding of antibodies with dsDM 
was of a very high magnitude. Inhibition ELISA showed the high 
specificity of these antibodies with nDNA, Simple and competi-
tive ELISA showed that the antibodies also recognized cardiolipin 
to some extent, thereby giving an indication that the auto-
antibodies against native DNA is probably recognizing the 
phosphate backbone of the phospholipid. Competition ELISA 
experiments showed the specificity of autoantibodies in the order 
of nDNA > ssDNA > Cardiolipin > Bromo-dsDNA. 
Calf thymus dsDNA was brominated in high ionic concentra-
tions. The UV spectral pattern of the bromo dsDNA showed a 
marked difference from that of nDNA. The results indicated an 
altered confirm.ation of the molecule as a result of modification, 
Experimental animals immunized with bromo dsDNA resu l ted 
in the induction of highly specif ic anti-bromo dsDx\'A an t ibodies . 
The induced ant ibodies not only bind bromo dsDNA but ca rd io l ip in 
as wel l . Inh ib i t ion ELISA r e s u l t s showed appreciable r e a c t i v i t y 
of anti-bromo dsDNA antibodies with brominated poly(dG.dC). 
poly(dG»dC). Since th i s polymer i s known to e x i s t in the 
Z-conformation when brominated under high s a l t concentrat ion, the 
binding r e a c t i v i t y indicated tha t the ant ibodies are recognizing 
Z-conformation and are thus conformation spec i f i c . Competition 
ELISA r e s u l t s indicated the spec i f i c i ty of these ant ibodies in 
the order of bromo dsDNA *?• ssDNA > nDNA. 
The DNA-Psoralen photoadduct was obtained by i r r ad i a t i ng 
the mixture of 365nm. Induced anti-DNA-Psoralen ant ibodies 
were produced in high t i t e r s in r a b b i t s . 
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INTRODUCTION 
Nucleic acids are polymers of nucleotides, which in turn 
are made by combining nitrogenous heterocyclic rings, sugars 
and phosphate groups (ionized derivatives of orthophosphoric acid). 
The heterocyclic constituents are referred to as the "bases" of 
nucleotides. The sugar and phosphate moeity, together consti-
tutes the backbone of nucleic acids. Two types of nucleic acids 
are known, namely deoxyribonucleic acid (DNA) and ribonucleic 
acid (RNA). Both of them are chain like Biacro-molecules that 
functions in the storage and transfer of genetic information. 
Modification of Nucleic Acids 
Various forms of deoxyribonucleic acids are known. They 
are A-DNA, B-DNA, C-DNA, D-DNA, H-DNA, V-DNA and Z-DNA. Out of 
the different types of DNA, the 'B' and 'Z' forms have received 
most attention. B forms of DNA has got a right handed double 
helical conformation and it occurs most predominantly in 
biological systems. This form of DNA generally referred as 
native DNA, which as such is a poor immunogen. A remarkable 
tolerance is shown by normal animals for native DNA due to which 
its corresponding antibodies are not produced. But in the 
presence of some protein carriers or when modified, it does 
elicit antibodies which recognizes the modified part of the 
polymer. When complexed with methylated bovine serum albumin 
along with Freund's adjuvant, native DNA induce antibodies which 
are specific for the single stranded polymer, 
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Nucleic acids are modified by a number of ways and some 
of them are described below, 
1» Conversion of nat ive B-DNA to Z-DNA 
The deoxy form of nucleic acid having a l e f t handed double 
he l i c a l conformation i s known as Z-DNA. I t possess a Zig-Zag 
sugar phosphate backbone and hence i t s name. Both r i g h t handed 
B-BNA and l e f t handed Z-DNA are two d i f fe ren t conformers of the 
double helix and are in equilibrium with each other where the 
ions play an important role in defining the equilibrium (Rich 
1984). 
The t r a n s i t i on of DNA from B-form to 2-form occurs in high 
s a l t concentrations such as sodium chloride or magnessium 
ch lo r ide . The conversion was confirmed by c i r cu l a r dichroism and 
Raman spectroscopy (Pohl and Jovin,1972), The l e f t handed 
Z-conformer i s highly unstable and tends to reconvert into the 
r i g h t handed B-conformation. The unstableness i s due to the 
presence of water molecules in an disordered s t a t e in the deep 
groove of Z-DNA around the a l t e rna t ing purine-pyrimidine sequences, 
with s t re tches of adenine-thymine base pa i r s (Rich e t a l , 1984), 
Also, t h i s unstableness i s due to the fac t tha t the Z-DNA prefers 
to reconvert back in to B-DNA because the l a t e r form of DNA 
requi res s l i g h t l y l e s s energy (Rich e t a l , 1984), 
S t ab i l i za t i on of Z-DNA 
The s t a b i l i z a t i o n of Z-conformation of the polymer i s 
through the addi t ion of ions which a lso plays an important ro le 
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in determining the equilibrium between B-DM and Z-DNA, The 
cations cluster around the negatively charged phosphates present 
in the backbone and results in the reduction of phosphate-
phosphate repulsive interactions. Ions with small valencies 
such as monovalent cations like sodium, potassium or lithium are 
required in higher concentrations for attaining the mid-point 
of conversion, whereas ions with higher valencies are required 
only in small concentrations for the same effect. Anions also 
play, some role in determining the equilibrium but to a lesser 
extent than the cations (Pohl and Jovin, 1972). Anions like 
sodium perchlorate stabilizes the Z-DNA beyond the contribution 
of its cation (Pohl and Jovin, 1972), Sodium acetate induces 
an intermediate form between B- and Z-DM as confirmed by 
circular dichroism and Raman spectroscopy (Zacharias et al,1983)» 
The Z-conformation can be stablized with ions such as polyamines 
or with methyl groups on the 5 position of cytosine. Another 
way is by the addition of cobalt hexamine ion Co(^ FH,)g 
which is five orders of magnitude more effective than Na and 
+2 four orders of magnitude more effective than Mg (Behe &. 
Felsenfeld, 1981). The cobalt hexamine cation interacts specifi-
cally with the outer convex surface of Z-DNA through a series 
of five hydrogen bonds through water molecules in its hydration 
shell, 
Another way of stabilizing Z-DNA is by halogenation with 
chlorine, fluorine, iodine and bromine in high salt concentration 
(Moller et al, 1984; Mcintosh et al, 1983; Uesugi et al, 1982). 
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Out of them, bromination is the most effective. This is 
accomplished by the addition of saturated bromine water to the 
polymer (in high salt) in a ratio of 1.3:1 (bromine/nucleotide), 
followed by incubation at room temperature for ten to fifteen 
minutes with occasional mixing. Under these conditions, the 
bromine react with the C-8 position of guanine and to a lesser 
extent with the C-5 position of cytosine (Lafer et al, 1981), 
Multiples of reactions have found to occur at the N-7 
position which is susceptible to methylation and ultimately 
results in the stabilization of Z-conformation (Moller et al,1981), 
Methylation of the polymer in high salt concentration results in 
the formation of a formal positive charge which in turn contri-
butes to the stabilization of Z-DNA by electrostatic means 
similar to concentrated sodium chloride solution. 
Platinum complexes, including chlorodiethylenetriamine 
platinum (II) chloride also reacts at the N-7 position of guanine, 
thereby resulting in the stabilization of Z-DM (Malfoy et al, 
1981; Ushang et al, 1982). Platinum complexes coordinates into 
the N-7 position of guanine and largely act through the electro-
static contribution of the positively charged cations. Another 
way of stabilizing the Z-conformation is by solvents accomplished 
by changing the dielectric constant of water. Solvents like 
ethanol, methanol and ethylene glycol, which lowers the 
dielectric constant results in the increase of ionic interactions 
and thereby causes the clustering of cations more closely near 
the negatively charged phosphate group and thus results in an 
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effec t ive screening and reduction of the phosphate-phosphate 
e l e c t r o s t a t i c repulsion (Watson and Crick, 1953; Pohl, 1976; 
Jovin e t a l , 1983; Zacharias e t a l , 1982). 
Small molecules, l i k e i n t e r c a l a t o r s and anti- tumor agents 
influences the equilibrium between the B-and Z-conformations of 
DM, In t e rca l a to r s l ike ethidium (Pohl e t a l , 1973; Miran e t a l , 
1983) and anti-tumor agents l i ke daunomycin and adriamycin 
(Chaires, 1984; Van Helden, 1983) f a c i l i t a t e the conversion of 
Z-form of DNA in to the B-form of DNA.. Netropsin and distamycin 
binds spec i f i ca l ly to the groove of DNA, thereby f a c i l i t a t e s the 
revers ion of Z-to B-DNA (Rich e t a l , 1984). 
Structure of 2-DNA 
Z-DNA has got a l e f t handed double he l i ca l conformation. 
I t possesses only one deep he l ica l groove analogous to the minor 
groove of B-DNA and lacks completely the major groove. The major 
groove gets transformed, in to the outer convex surface of the 
Z-DNA. The sugar-phosphate backbone follows a Zig-Zag path in 
con t ras t to B-DNA, where the backbone i s l i n e a r . The a l t e rna t ing 
cytosine guanine sequences in Z-DNA possess an anti-conformation 
for a l l the deoxycytidines and a syn conformation for a l l the 
deoxyguanosines (Rich e t a l , 1984). The base pa i r per he l ica l 
turn , he l ica l p i t ch and diameter of Z-DNA are d i f fe ren t from 
t h a t of B-DNA. The base pair per he l i ca l turn, he l i ca l p i tch 
and diameter of Z-DNA are 12 bp, 44.6 A and 18 A while tha t of 
o o 
B-DNA are 10,5 bp, 34 A and 20 A respectively (Rich et al, 1984). 
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Due to the smaller diameter, the Z-DNA. i s slimmer than the 
B-conformer, 
The stacking of base pa i r s in 2-DNA also d i f fe r s markedly 
in cont ras t to B-DNA, The pos i t ion of the helix a lso accounts 
for the change in the organisat ion of the two molecules. In 
B-DNA, the helix axis passes through the centre of the base pa i r s 
thereby producing two grooves minor and major, while in Z-DNA, 
the helix axis f a l l s outside the base p a i r s , thereby producing 
only one deep groove. Also the r e l a t ionsh ip between the bases 
and the sugar-phosphate backbone are d i f fe ren t for B-and Z-
conformations. The N-7 and N-8 pos i t ions of guanine in B-DNA 
are shielded whereas in 2-DNA, the imidazole r ing of guanine i s 
found on the outerpar t of the Z-DNA molecule with the exposure 
of N-7 and C-8 pos i t i ons . So, the C-8 pos i t ion of guanine in 
Z-DNA i s present a t the periphery of the molecule, 
Methods for detect ing Z-DNA 
A number of physico-chemical techniques have been employed 
for the detect ion of Z-DNA• 
( i ) UV c i r cu la r dichroism and absorbance 
Ul t rav io le t c i r cu la r dichroism spectra of poly(dG-dC)2 
in low and high s a l t concentrations showed a near inversion of 
the spectrum when the polymer was in high s a l t concentration 
(Pohl and Jovin, 1972) indicat ing the formation of Z-DNA, 
Absorbance a t 260 nm of the polymer in high s a l t concentrat ion 
was found to decrease whereas an increase a t 295 nm was observed 
when compared to the low s a l t spectrum (Pohl e t a l , 1972), 
? 
(ii) Raman spectroscopy 
Raman spectra measures molecular vibrations of the 
components of the macromolecules including bond stretching and 
bending and many of them are conformation dependent. Raman 
spectra recorded for DNA in low and high salt were different 
from each other (Thamann et al, 1981). The vibration frequency 
of the phosphate group were not similar in B-and Z-DNA, pointing 
a change in the conformation of the molecule. 
(iii) Nuclear magnetic resonance spectroscopy 
NMR spectroscopy helps in determining the conformation 
of molecules in solution. The spectra of the polymer in low 
and high salt showed a marked difference in the two forms with 
splitting of peaks in the high salt form. Nuclear over hauser 
effect (NOE) also helps in the detection of 2-conformation 
(Patel et al, 1981; Mitra et al, 1981; Dhingra et al, 1983; 
Sarma et al, 1983)» 
(iv) Anti-Z-DNA antibody binding 
The 2-conformation has also been detected by using specific 
antibodies employing a variety of techniques (Stellar, 1986; 
Rich et al, 1984), The chemical modification of DNA by acetyl-
amino flourine (AAF) was recognized by the anti-ZDNA antibodies 
confirming the Z-regions (Pequignot et al, 1985), 
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2, Formation of DNA-Furocoumarin Adduct 
Furoooumarins are drugs, formed by the condensation of 
coumarin. and furan ring, used generally in photo-chemotherapy 
in vitiligo (Fitzpatrick and Pathak, 1959), Psoriasis 
(Parrish at al, 1974) and some other skin diseases. The group 
include Psoralen, 8-methoxypsoralen, 4,5',8-trimethylpsoralen, 
5-methoxypsoralen, angelicin, halfordin and isohalfordin. Of 
these only three of them, namely Psoralen, 8-methoxypsoralen and 
4,5',8-trimethylpsoralen are of clinical significance. 
The action of these drugs in the skin disorders are due 
to their ability to form DNA adducts following UV-A light 
O20-400 nm), The adduct formation takes place in three succe-
ssive steps, namely molecular complexing, photobinding of furocou-
marin to DNA through bases, and finally cross linking of furocou-
marin between the strands of DNA, 
(a) Molecular complexing 
Furoooumarins has a low solubility in water but in the 
presence of nucleic acids, its solubility increases. It forms 
a weak molecular complex in nucleic acid solution, which involves 
weak bonding forces, such as Van der Waal's, hydrogen bonding 
and hydrophilic forces. The furoooumarins intercalate between 
two pyrimidine bases (primarily thymine) of the DNA, 
(b) Photobinding of furoooumarins to DNA 
When an intercalated furocoumarin is excited by UV light 
of 320-400 nm, it forms a cyclobutane type of adduct. It is 
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formed by 5,6 double bond of an adjacent pyrimidine (primarily 
thymine) in the nucleic acid helix and at either the A', 5' 
double bond in the furan or the 3,4 double bond in the pyrone 
ring (Fig. 1, Step B). 
The adduct absorbs additional quanta of radiant energy 
and reacts with another pyrimidine moeity in the opposite strand 
of the DNA, which results in the cross-linking of furocoumarin 
molecule across the complementary strands of the DNA. The cross-
linking efficiency differs from the furocoumarin to furocoumarin. 
The ability to cross-link is highest with 8-methoxypsoralen and 
completely absent with angelicin (Dall Acqua et al, 1974), 
Recently, the role of Psoralen in photosensitization of 
mammalian cells (Moreno, 1986), molecular mechanism of photo-
chemotherapy (Rodighiero and Dall Acqua, 1986), action mechanisms 
of nucleases on DNA substrate containing Psoralen crosslinks 
(Houten et al, 1986; Ostrander et al, 1986) and phototumorigenesis 
(Young, 1986) have been studied in great detail. 
3. Immunogenicity of Modified And Unmodified Nucleic Acids And 
Their Bases 
Deoxyribonucleic acid possess a number of epitopes which 
are specific for the induction of their corresponding antibodies. 
In native dsDNA, the purine-pyrimidine bases are hurried 
away from the hydrophilic environment. They are not exposed and 
accessible to the antibody. So, the bases do not serve as 
epitopes for recognizing their corresponding antibodies in SLE 
Fig«1 Scheme for the mechanista of Psoralen 
photo s e n s i t i z a t i o n . 
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sera. Instead, the sugar-phosphate backbone of the DMA, which 
are on the outerside serves as epitope. The purine-pyrimidine 
bases in single stranded DNA are exposed, and are recognized by 
their corresponding antibodies. So, here both the bases as well 
as the sugar phosphate backbone serves as an effective antigenic 
determinants, 
In the left handed Z-DNA, the purine bases have a syn-
conformation while the pyrimidine bases have an anti-conformation. 
So, pyrimidine purine sequences of Z-DNA possess alternating 
anti-syn-conformation. This changes the backbone geometry of 
the left handed double helical DMA. N-7 and C-8 positions of 
purine and C-5 position of pyrimidine are exposed and are 
accessible to the antibody. Therefore, the Zig-Zag backbone as 
well as the aforesaid above positions of purine and pyrimidine 
of Z-DNA serves as antigenic sites, 
The anti-nucleic acid antibodies are valuable in clinical 
investigations, cellular and molecular biology. Some of them 
have been employed in the diagnosis of autoimmune disorders. 
These are also increasingly being used as reagents to locate 
modifications or conformational variations in nucleic acids. 
Antinuclear antibodies falls under the type humoral anti-
bodies and are found spontaneously in the blood of patients 
having systemic lupus erythematosus (SLE), scleroderma, rheu-
matoid arthritis (RA), Sjogren's syndrome and others. Cellular 
antigens reactive with antibodies in SLE sera have been studied 
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in great detail. These includes native double stranded (ds) DNA, 
single stranded (ss) DM, double stranded RNA, t-RNA, ribosomal 
RNA, viral RNA, poly (ADP-ribose), DNA-histone, nuclear ribonu-
cleoprotein, cytoplasmic ribonucleoprotein (Ro = SSA, La = SSB), 
ribosomes and histones (Stollar, 1981). The antinuclear auto-
antibodies in SLE sera generally belong to the IgG or IgM class 
(Ross et al, 1978). The anti-DNA antibodies in SLE sera has 
been found to bind dsDNA as well as ssDNA, These class of 
antibodies recognize the secondary structure of dsDNA in some 
portions of ssDNA. Such antibodies do not bind to bases. 
Another class of antibodies bind specifically to ssDNA recogniz-
ing the bases which are not exposed in double stranded molecule, 
Anti-ssDNA antibodies are not only present in patients 
with SLE sera but also in patients with drug induced SLE 
(procainamide), malignancies and lymphoma (Koffler et al, 1971). 
Occurrence of anti-dsDNA antibody has been reported in patients 
treated with hydralzine for hypertension (Hahn et al, 1972). 
Various subpopulation of anti-DNA antibodies also occur in SLE 
sera (Stollar, 1986; Stollar, 1981). 
The identification of antigenic determinants which the SLE 
antibodies recognize is being studied by raising monoclonal 
antibodies from both mouse and human systems (Eilat, 1982), 
Antibodies with some sequence preferences have been obtained 
(Lee et al, 1981), A large number of monoclonal antibodies cross 
reacted with a wide variety of polynucleotides and phospholipids, 
cell surface proteins, vimentin and others (Lafer et al, ''981; 
Jacob et al, 1984). 
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(a) Antibodies specific to nucleosides and modified nucleosides 
Modified nucleosides elicit specific antibodies having 
wide applications. Some of the modified nucleosides which have 
been studied are methylated nucleosides,, carcinogen modified 
nucleosides, UV-induced photoproducts, isopentyl adenosine, 
wyosine, queosine, etc (Munns and Liszewski, 1980), The modified 
nucleoside isopentyl adenosine (i A) being a plant harmone also 
stimulates cell division and differentiation in plant systems. 
It is also a component of t-RNA of numerous organisms. Immuni-
zation of experimental animals with isopentyl adenosine (i A) 
resulted in the production of high titer antibodies, which were 
specific for i A (Humayun and Jacob, 1974), Immunonucleic 
probes are helpful in the construction of genetic linkage maps 
of large genomes. Such probes have been prepared by modifying 
the probe DMA with N-acetoxy-Np-acetylaminofluorine (AAF) or 
iodinated AAF. Both these chemicals modify the guanine of DNA. 
The induced antibodies are specific for the immunizing antigen 
and recognize similar structure genomic DNA (Tchen et al, 1984). 
Antibodies have also been raised by modifying DNA on 
treatment with UV light, X-ray and chemicals. DNA exposed to 
UV light results in the formation of pyrimidine dimers which are 
immunodominant, Methylation of nucleic acid bases is of great 
significance because of their role in gene regulation, especially 
of 5-methylcytosine (Razin and Riggs, 1980; Doerfler, 1983), 
Antibodies specific for 5-methylcytosine has facilitated in the 
localization of the modified base by immunoperoxidase technique 
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in heterochromatin regions of mammalian metaphase chromosomes, 
particularly in certain centromeric regions (Miller et al, 1974). 
Methylcytosine was found concentrated particularly in repeated 
sequences of satellite DNAs, both in CG sequences within AT-rich 
satellites and within GC-rich satellites. 
(b) Antibodies to helical nucleic acids 
Antibodies induced in experimental animals by double 
stranded and triple stranded polynucleotides complexed with 
methylated bovine serum albumin (MBSA) elicited antibodies which 
were not base specific, rather they reacted specifically with the 
sugar-phosphate backbone. This was probably due to the inaccessi-
bility of the antibody to bases. Antibodies specific for triple 
stranded polynucleotides clearly distinguished triple stranded 
and double stranded structures (Rainen and Stellar, 1976a; 
Nahon-Merlin et al, 1971; Papallian et al, 1980). Antibodies 
to poly (A)poly (U)poly (l) have been fractionated into three 
antibody populations, each recognizing a different conformational 
feature of the triple helical immunogen (Rainen and Stollar,1978b). 
Helices built on poly (A) and poly (dA) have been distinguished 
by the antibodies (Stollar and Raso, 197A)« 
(c) Antibodies to Z-DNA 
Z-DNA ant ibodies are present in sera of autoimmune mice 
(Lafer e t a l , 1981), SUE pa t i en t s (Lafer e t a l , 1983), pa t i en t s 
affected with Crohn's d isease , po lyradicu loneur i t i s and amylotro-
phic l a t e r a l s c l e ros i s (Allinquaint e t a l , 1984), Z-DNA antibodies 
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are of great s ignif icance because they form a valuable probe 
for identifying and local iz ing Z-DNA in d i f fe ren t b iological 
systems. The use of ant ibodies for identifying Z-conformation 
i s more r e l i a b l e than physical techniques tha t r e ly on changes 
in physical p roper t ies tha t are cons is ten t with Z-DNA, but not 
necessar i ly r e s t r i c t e d to Z-DNA (Tomasz e t a l , 1983). Poly-
nucleot ides namely poly(dG.dC).poly(dG#dC), poly dG. poly dC and 
dsDM in high s a l t concentration s tab i l i zed by bromination and 
complexed with MBSA e l i c i t e d high t i t e r of corresponding a n t i -
bodies which were highly specif ic for Z-DNA (Lafer e t a l , 1981). 
A va r i e ty of subpopulations of anti-ZDNA ant ibodies occur 
in polyclonal se ra , recognizing d i f fe ren t regions of the Z-DNA 
helix or s l i g h t l y varying conformations of tha t he l ix . The 
po ten t i a l for recognit ion of varying s i t e s on the Z-DNA helix i s 
confirmed by s tudies of monoclonal ant ibodies (Zarling e t al ,1984; 
Moller e t a l , 1982). Polyclonal anti-ZDNA ant ibodies can be 
induced by means of brominated poly(dG.dC).poly(dG.dC), 
poly(dG-dm^C).poly(dG-dBr^C), poly(dG^.dC).poly(dG.dlo^C). 
Pt-dien-poly(dG-dC) and AAF-poly(dG-dC). 
4 , Objectives of Present Work 
The present work describes the modification of native 
dsDNA by bromination under high s a l t concentration and the 
formation of DNA-Psoralen photoadduct. These modifications 
were studied by u l t r a v i o l e t spectroscopy. Also, ant ibodies 
have been ra ised in experimental animal aga ins t these modified 
18 
polymers. ELISA was employed for the detect ion and quant i ta t ion 
of induced an t ibod ies . Polystyrene p l a t e s and nylon beads were 
used for antigen immobilization. Simultaneous occurrence of 
an t i -na t ive DNA antibodies and anti-ZDNA ant ibodies in the sera 
of pa t i en t s with SLE have also been studied for a comparative 
ana lys i s of the da ta . 
MATERIALS AND METHODS 
MATERIALS 
Chemicals for Immunization 
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S«No. Name of t h e c h e m i c a l 
1 . 
2, 
3. 
4. 
5. 
6. 
7. 
Calf thymus DNA 
Bovine Serum albumin 
Psoralen 
Freund's complete adjuvant 
Methanol 
Magnesium turnings 
iodine 
Source 
Sigma, U .S .A . 
Sigma, U .S .A. 
C . D . R . I . , Lucknow 
Difco Chemical 
Company, U.S .A. 
B . D . H , , I n d i a 
B . D . H . , I n d i a 
E .Merck , Germany 
C h e m i c a l s f o r t he D e t e r m i n a t i o n of Anti-DNA A n t i b o d i e s 
S.No, Name of t h e c h e m i c a l Source 
1 , Agarose 
2« E t h i d i u m bromide 
3 . Ant i -human IgG a l k a l i n e 
p h o s p h a t a s e c o n j u g a t e 
4 . A n t i - r a b b i t IgG a l k a l i n e 
p h o s p h a t a s e c o n j u g a t e 
5 . P - n i t r o p h e n y l p h o s p h a t e 
Sigma, U.S.A. 
Sigma, U.S.A. 
Sigma, U.S.A. 
Sigma, U.S.A. 
C.S.I.R.Center 
for Biochemicals, 
Delhi 
6 , P o l y s t y r e n e p l a t e s iNfUNC, Denmark 
18 
S»No. Name of the chemical 
7 . Nylon beads 
8 . Tween-20 
9» Sodium az ide 
Other Chemicals 
S.No« Name of the chemical 
n Poly(dG.dC).poly(dG,dC) 
2, Cardiolipin 
3. DEAE cellulose 
Source 
B.D.H., England 
Koch-Light 
L a b o r a t o r i e s , 
England 
Polskie, Poland 
Source 
Pharmacia Fine 
Chemicals , Sweden 
C . S . I . R . Centre 
fo r Eiocheni icals , 
Delhi 
Whatman, England 
Al l o the r chemicals used were of a n a l y t i c a l g r a d e , 
Equipment 
Elico pH meter model LI-10T, India; Bausch and Lomb Spectronic 20 
spectrophotometer; Shimadzu spectrophotomer UV 240, Elico 
conductivity Bridge, India, Long wavelength ultraviolet Lamp 
having maximum emission at 365nm (Spectroline, model B-100, 
Black Light Eastern Inc., U.S.A.) 
METHODS 
Cleaning of DNA 
Calf thymus DNA was purified free of protein by repeated 
extraction with a mixture of chloroform and isoamyl alcohol (24:1), 
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The nucleic acid was p rec ip i t a ted with two volumes of cold 
e thonol . The p rec ip i t a t ed DNA was col lected on a g lass rod, 
r insed with ethanol to remove t races of water and was dissolved 
in 0.1 SSC buffer. I t was then subjected to .RNase A treatment 
(50 ug/ml) for 30 minutes a t 37*'C. The digested DNA was once 
again extracted with chloroform-isoamyl alcohol as before. 
In order to d iges t the s ingle stranded por t ions in the 
pur i f i ed DNA, the nucleic acid was digested with nuclease S1 
(250 units/mg DNA in 30 mM ace ta te buffer, pH 5.0 containing 
30 mM ZnClp) a t 37*'C for 30 minutes. After d iges t ion , two 
ext rac t ions with chloroform-isoamylalcohol was car r ied out 
followed by p rec ip i t a t i on of pur i f ied DNA with e thanol , 
Estimation of Protein 
The concentration of pro te in was estimated by the method 
of Lowry e t a l (1S51) using Fol in 's-phenol reagent . 
(a) Preparation of Folin 's-phenol reagent 
The procedure given by Folin and Ciocalteu (1927) was 
followed in the preparat ion of Folin 's-phenol reagent , 
25 gm of sodium molybdate, 100 gm sodium-tungstate, 100 ml 
of d i s t i l l e d water, 48,2 ml of 85 percent orthophosphoric acid 
and 100 ml of hydrochloric acid were refluexed in dark for 10 
hours. To the above mixture, 128 gm of l i thium sulphate , 50 ml 
of d i s t i l l e d water and a few drops of bromine were added. The 
2a 
mixture was boiled for 15 minutes to remove excess bromine. 
The above solution was cooled, filtered and diluted to one liter. 
The bright yellow reagent was stored in amber coloured bottle. 
The reagent was diluted three times with distilled water before 
use, 
(b) Preparation of alkaline copper reagent 
1 ml of 0.5 percent copper sulphate was mixed with 1.0 ml 
of 1,0 percent sodium potassium tartarate. To the above mixture, 
50 ml of 2 percent sodium carbonate solution prepared in 0,1 N 
sodium hydroxide was added and mixed thoroughly. The reagent 
was prepared fresh before use, 
(c) Procedure 
To 1,0 ml of prote in sample, 5«0 ml of a lka l ine copper 
reagent was added. The tubes were kept for 10 minutes a t room 
temperature. Diluted Folin 's-phenol reagent (1:3) was added 
and the contents were mixed immediately. The absorbance was 
recorded a t 660 nm af te r 30 minutes. The concentration of 
unknown prote in sample was calculated from a p lo t constructed 
with bovine serum albumin as standard (F ig .2 ) , 
Estimation of DM 
The concentration of DM was estimated by the method of 
Burton (1956) using diphenylamine reagent . 
Fig,2 Standard curve for the estimation 
of proteins. 
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(a) Preparation of diphenylaraine reagent 
50 ml of glacial acetic acid was mixed with 0.75 ml of 
concentrated sulphuric acid, followed by the addition of 750 mg 
of recrystallized diphenylamine. The reagent was prepared 
immediately before use. 
(b) Procedure 
1.0 ml of 1 N perchloric acid was added to the tubes con-
taining 1,0 ml of DNA sample and the contents mixed thoroughly, 
The tubes were incubated for 15 minutes at 70°C, followed by 
the addition of 0.1 ml of 5,43 n^ M acetaldehyde and 2.0 ml of 
diphenylamine reagent. The tubes were thoroughly mixed and were 
allowed to stand at room temperature for 16-20 hours. Absorbance 
was recorded at 580 nm. The unknown concentration of DNA sample 
was calculated from the standard plot (Fig.3), 
Isolation of IgG 
IgG was isolated from serum by DEAE cellulose chromato-
graphy of the gamma globulin fraction obtained by 40 percent 
saturation with ammonium sulphate. 
To 6,0 ml of serum was added slowly 4,0 ml of saturated 
ammonium sulphate solution in cold. After incubation for 1 hour 
at 4'C, the precipitate was collected by centrifugation (10,000 g 
for 10 minutes), and the resultant supernatant was discarded, 
Fig.3 Standard curve for the estimation 
of DM. 
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The precipitate was washed with 40 percent saturated ammonium 
sulphate solution. The gamma globulin fraction was dissolved 
and dialyzed in 0.01M phosphate buffer, pH 8.0 
A DEAE cellulose column (20cm x 2cm) was equilibrated 
with the starting buffer (0.01 M phosphate buffer, pH 8.0). The 
crude immunoglobulins were loaded onto the column, and the 
unbound protein was recycled a couple of times to ensure maximum 
binding of the protein to DEAE cellulose column. After washing 
the column with the starting buffer, the immunoglobulins were 
eluted with a linear ionic strength gradient of 100-300 mM 
phosphate buffer, pH 8,0. 3 ml fractions were collected and 
monitored for protein content. First peak of the chromatogram 
was pooled and used as purified IgG (Fig.4), 
Detection and Quantitation of anti-DMA Antibodies 
Anti-DNA antibodies were evaluated by using purified 
calf thymaus DMA as antigen. The techniques employed were 
immunodiffusion and counterimmunoelectrophoresis. Sheared DNA 
was prepared by passing nDNA solution in PBS (1 mg/ml) three 
times through a sterilized 21-gauge needle. Single stranded DNA 
was obtained by heating in a boiling water bath for 10 minutes, 
followed by rapid cooling in ice-NaCl mixture. 
(a) Immunodiffusion 
Ouchterlony double diffusion method was employed for 
carrying out precipitin reactions, using glass petri dishes as 
Fig.4 Fractionation of serum immunoglobulins 
by DEAE cellulose chromatography, 
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described by Seligmann (1957) and Tan et al (1966). A 0,4 
percent agarose solution vas prepared in PBS containing 0.1 
percent sodium azide. Six ml of this molten mixture was poured 
into a 5cm X 1»5cm glass petri dishes. The petri dishes were 
allowed to stand at room temperature for hardening and stored 
at 4*'C. All sera were decomplemented by heating at 56*'C for 
30 minutes. Serum and antigen (50 uL each) was placed in the 
wells and the reaction was allowed to proceed for 1-2 days in 
a moist chamber at room temperature. Petri dishes were flooded 
with 5 percent sodium citrate to remove non-specific precipitin 
lines. The antigen-antibody precipitin lines analyzed visually 
and results recorded. 
(b) Counterimmunoelectrophoresis 
Counterimmunoelectrophoresis (CIE) was performed as 
described by Davis and Winfield (1974), 
A 0,6 percent agarose solution was prepared in 25 mM 
barbital buffer, pH 8,4 containing 0,1 percent sodium azide. 
The molten mixture (3.0 ml) was pipetted onto alcohol cleaned 
microscopic slides (7,5cm x 2,5cm) and allowed at room tempera-
ture for solidification. The slides were stored in a moist 
chamber at 4"'C. Wells measuring 4 mm in diameter were punched 
at a distance of 5 mm between the two opposite wells. Antigen 
was placed in the cathodal well and decomplemented serum in the 
anodal well (25 uL in each well). Electrophoresis was performed 
for 45-60 minutes in 50 mM barbital buffer, pH 8,4 with a current 
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of 3-4mA per s l i d e . The s l ides were washed with 5 percent sodium 
c i t r a t e to remove the non-specific p rec ip i t ion l i n e s . 
Enzyme Linked Immunosorbent Assay (ELISA) 
The anti-DNA antibodies and a n t i Br-DNA ant ibodies were 
detected and quant i ta ted by ELISA using polystyrene p l a t e s as 
so l id phase. 
(a) Buffers and other reagents 
( i ) Bicarbonate buffer, pH 9»6 
15 mM Sodium carbonate 
35 mM Sodium bicarbonate 
0.02 percent sodium azide was added as preservat ive 
( i i ) Phosphate buffered saline-Tween 20 (PBS-T), pH 7»2 
0.15 M Sodium chloride 
2 mM Potassium dihydrogen orthophosphate 
8 mM Disodium hydrogen phosphate 
0,5 ml Tween-20/Liter 
( i i i ) Diethanolamine buffer, pH 9.8 
1 M Diethanolamine 
100 mg/ l i t MgCl2.6H20 
0,02 percent sodium azide was added as preservat ive 
(iv) Substrate 
-3 5x10 M p-nitrophenyl phosphate in diethanolamine buffer, 
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(b) Procedure 
Ant ibodies were d e t e c t e d and q u a n t i t a t e d by ELISA as 
desc r ibed e a r l i e r (Ali and A l i , 1985) . DNA was d i s s o l v e d in 
b i ca rbona te buffer a t a c o n c e n t r a t i o n of 50 ug /ml . The a n t i g e n 
was coa ted (50 uL) for 2 hours a t room tempera t a r e , followed by-
o v e r n i g h t i n c u b a t i o n a t 4*0. The wel l s were washed t h r i c e with 
Tween-20 and the unoccupied s i t e s were s a t u r a t e d with bovine 
serum albumin i^% V/V i n Tween-20). After i n c u b a t i o n for 4-5 
hours a t room tempera tu re , the p l a t e s were washed th ree t imes 
wi th ST-20. Decomplemented serum (0.25 ml of 1:100) or IgG 
(0 ,12 mg/ml) was added and the p l a t e s were l e f t a t room temperature 
fo r two hour s . Af ter two washing with ST-20, 0.25 ml of r a b b i t 
ant i -human IgG a l k a l i n e phosphatase conjugate was added and the 
p l a t e incubated a t room tempera ture for two hour s . The m i c r o t i t e r 
p l a t e was washed th r ee t imes with ST-20 followed by one washing 
with d i s t i l l e d wa te r . The s u b s t r a t e (PNP-P 5x10 M i n 
die thanolamine bu f fe r , pH 9»8) was added to each w e l l . The pclates 
were incubated a t 37*'C for one hour and the r e a c t i o n was stopped 
by the a d d i t i o n of 0,05 ml of 3N INfeOH. The c o n t e n t s of each well 
were read a t 400 nm, 
ELISA with Nylon Beads as Solid Phase 
Anti-DIMA a n t i b o d i e s i n the sera of p a t i e n t s with v a r i o u s 
autoimmune deseases and animals immunized with n u c l e i c ac id 
polymer were d e t e c t e d and q u a n t i t a t e d by a h igh ly s e n s i t i v e 
enzyme l inked immunosorbent a s say us ing nylon a s s o l i d suppor t 
f o r a n t i g e n immobi l iza t ion (Ali and A l i , 1986) . 
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(a) Activation of nylon beads 
Nylon beads (3mm x 2mm) were activated by incubation with 
3.5N HCl at 37°C for 36 hours with occasional shaking. The 
activated beads were thoroughly washed with distilled water till 
free of acid and tested with picrylsulfornic acid (Synder and 
Soborinski, 1975) to evaluate the exposed amino groups 
(b) ELISA procedure 
The ac t iva ted nylon beads were coated with DNA (100 ug/ml) 
in Mcllvanine buffer ( c i t r i c acid 0.05M, Na2HP04» 0.01M, pH 5.0) 
for 24 hours a t 4*0 with occasional shaking. The antigen coated 
beads were washed three times with ST-20 (0,15M NaCl and 0,05% 
Tween-20) to remove the unadsorbed DNA. The beads were t rea ted 
with 1% BSA and incubated a t 4*'C for 12 hours for complete 
sa tu ra t ion of the empty s i t e s . The beads were washed thr ice 
with ST-20 and dried on a Whatman f i l t e r paper and stored a t 
-20"C u n t i l use . Activated beads t rea ted with BSA, without 
p r io r antigen treatment, were used as con t ro l , 
Eight beads were used in ELISA. Serum d i lu t ions (0,5 ml) 
were added to both control and antigen coated beads in a 
s i l i conized glass tubes. After incubation a t 37''C for one hour 
with occasional shaking, the beads were washed th r ice with 
ST-20 and incubated with 0,5 ml of anti-human IgG-alkaline 
phosphatase conjugate (1:1000 d i l u t i o n or 11 ug/ml prote in) for 
two hours a t 37°C, The beads were again washed three times with 
ST-20 to ensure complete removal of unreacted conjugate. The 
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final washing was done with distilled water and the beads were 
dried thoroughly on a Whatman filter paper. These were then 
transferred to a clean tube containing 1 ml of substrate (PNP-P). 
The tubes were incubated at 37''C for 30 minutes with occasional 
shaking. The reaction was stopped with 1.0 ml of 3N NaOH. The 
absorbance was recorded at 420 nm. Results were expressed as 
Absorbance (test) - Absorbance (control), 
Inhibition ELISA 
Inhibition ELISA was performed in order to check the 
specificity of antigen-antibody reaction, DNA or nucleic acid 
polymer of different concentrations (2-20 ug) were mixed with an 
anti nucleic acid antibody positive sample. The mixture was 
incubated for 1 hour at 37*0 and then at 4*0 for 20 hours. The 
resulting solution was used in ELISA. 
Preparation of Antigens for Eliciting Antibodies 
(i) Preparation of MBSA 
One gram of BSA is dissolved in 100 ml of absolute methanol 
and 0.84 ml of 12N HCl is added. The protein is readily soluble 
at first but precipitates as it become methylated. The reaction 
mixture was allowed to stand, with occasional mixing at room 
temperature in the dark for at least one day. The precipitate 
is collected by centrifugation, washed twice with methanol, 
followed by anhydrous ether. Residual ether is removed from the 
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precipitate by evaporation in air. Residual HCl is removed by-
drying in vacumn over KOH. Failure to remove the traces of 
acid reduces the basicity of MBSA. The dried MBSA powder was 
stored in a desiccator over KOH, 
(ii) Formation of nucleic acid MBSA complex 
The stability of the complex formed between nucleic acid 
polymer with MBSA depends on the concentration and type of salt 
in the medium and pH, Dissociation occurs at either high or low 
pH, and when the salt concentration exceeds 0.15M. 
Since MBSA dissolves more easily in water than in 0,15M 
NaCl, it is therefore added in a one percent aqueous solution 
to the nucleic acid solution. Nucleic acid MBSA conjugates were 
formed by mixing equal amounts of nucleic acid and MBSA by weight 
of solute, 
Induction of Antibodies Against DNA-Psoralen Adduct 
(a) Preparation of DNA-Psoralen adduct 
Purified calf thymus DNA (1mg/ml) in TNE buffer (imM Tris, 
15mM NaCl, 0,02mM EDTA, pH 7.5) was thoroughly mixed with Psoralen 
(100 ug/ml) in equal amount at 25*C for one hour, which resulted 
in the formation of a weak molecular complex of DNA-Psoralen, 
The mixture was irradiated at a dose rate of 2x10 ergs cm" min" 
for 30 minutes using illuminating wavelength of 365 nm. This 
resulted in the formation of the covalently bonded DNA-Psoralen 
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photoadduct. The photoadduct was dialyzed against PBS to remove 
unbound Psoralen, The formation of the newly formed photoadduct 
was checked by employing ultraviolet spectroscopy as a tool for the 
confirmation of the formed photoadduct. Samples of DNA and 
Psoralen without irradiation and dialyzed against PBS were used 
as the experimental control. 
(b) Immunization 
0.5 ml of DNA.-Psoralen photoadduct (200 ug/ml) was 
complexed with 0,5 ml MBSA as described e a r l i e r . The DNA-
Psoralen-MBSA complex (1,0 ml) was emulsified with equal volume 
of Freund's complete adjuvant. Guinea pigs (6-8 months old, 
weighting 400 to 500 g were injected intramuscularly in the 
hind limbs with the emulsified complex (2,0 ml) weekly for seven 
weeks, A single animal received a t o t a l of about 1.4 mg 
in te rca la t ed DNA in the course of seven i n j ec t i ons . Serum 
was seperated from the blood obtained by cardiac puncture, seven 
days a f t e r the l a s t in j ec t ion , 
(c) Antigenic spec i f i c i ty of induced antibody 
Sera of preimmunized and DM-Psoralen immunized guinea 
pigs a t d i f fe ren t d i lu t ions were tes ted by ELISA for binding 
with DNA-Psoralen, dsDNA and ssDM using ant i-guinea pig IgG 
a lka l ine phosphatase conjugate. Enzyme a c t i v i t y was determined 
by using p-nitrophenylphosphate (PNP-P) as colourogenic 
subs t r a t e . ELISA was performed on nylon beads, 
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Bromination of Native dsDNA 
Calf thymus DNA a t a c o n c e n t r a t i o n of 100 ug/ml was 
d i s s o l v e d i n 20mM sodium c i t r a t e , p H 7.2/lmM EDTA/3.5M sodium 
c h l o r i d e b u f f e r . The high s a l t lowered the pH to 6 . 4 . To 5.0 
ml of s o l u t i o n was added 2.5 ml of aqueous bromine wa te r . The 
r e a c t i o n was al lowed to proceed a t room tempera ture for t en 
minutes with occas iona l mixing. The brominated DNA was exhaus-
t i v e l y d ia lyzed a g a i n s t TNE buffer (15mM Tris-HCl , pH 7.2/l50mM 
NaCl/imM EDTA). 
Formation of Single Stranded DNA 
Calf thymus DNA a t a c o n c e n t r a t i o n of 1mg/ml in 0.1 SSC 
buf fe r (0.015M sodium c h l o r i d e and 0.0015M sodium c i t r a t e pH 7.2) 
was heated i n a b o i l i n g water ba th for 10 minu te s . The s o l u t i o n 
was kept i n a s toppered t e s t tube so a s to avoid evapora t ion and 
thus change i n c o n c e n t r a t i o n . After h e a t i n g , the s o l u t i o n was 
cooled r a p i d l y i n ice-NaCl m i x t u r e . 
Produc t ion of Ant ibodies Agains t ssDNA and Brominated DNA 
Ant ibodies a g a i n s t ssDNA and brominated DNA were e l i c i t e d 
i n r a b b i t s a f t e r complexat ionwith MBSA as desc r ibed e a r l i e r , 
A weekly i n j e c t i o n of 200 ug a n t i g e n in a t o t a l volume of 2.0 ml 
con ta in ing MESA and Freund ' s complete adjuvant was admin i s t e red 
for seven weeks. Blood was c o l l e c t e d by c a r d i a c puncture seven 
days a f t e r the l a s t i n j e c t i o n . Anti-ssDNA a n t i b o d i e s and a n t i -
brominated DNA a n t i b o d i e s were d e t e e t e d and q u a n t i t a t e d by ELISA 
as mentioned e a r l i e r . 
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RESULTS 
ELISA on polystyrene plates was used in the detection and 
quantitation of anti-DNA antibodies in the sera of patients with 
systemic lupus erythematosus (SLE). The titer of an SLE serum 
was found to be 1:12800 (Fig,5). The antibody recognized cardio-
lipin with a titer of 1;3200, The specificity of antibody 
binding was checked by inhibition ELISA with DM and cardiolipin 
as inhibitors. Fifty percent inhibition was found at a DMA 
concentration of 13.5 ug/ml (Fig,6), Although fifty percent 
inhibition with cardiolipin could not be obtained, about 42% 
inhibition was recorded with 10 ug/ml of inhibitor (Fig.7). 
The results indicated that autoantibodies against native DNA is 
probably recognizing the phosphate backbone of the phospholipid, 
The IgG was isolated from the serum by DEAE cellulose 
chromatography. Its binding with dsDNA (Fig.7) was of the same 
order of magnitude as found in case of serum (Fig.5). Inhibition 
studies was carried out with isolated IgG by employing different 
inhibitors (Fig,8). With native DNA as inhibitor, a maximum of 
75.^ percent inhibition was recorded at a concentration of 
50 ug/ml. Fifty percent inhibition was found at a DNA concen-
tration of 9 ug/ml. However, ssDNA showed a maximum inhibition 
of 54.9 percent. In this case fifty percent inhibition was seen 
at an inhibitor concentration of 14,5 ug/ml. When Br-DNA was 
the inhibitor, a maximum inhibition of 38.3?6 was recorded. The 
data on the inhibition of DNA binding by SLE sera and isolated 
IgG is given in Table 1. 
Fig»5 Immunocrossreact iv i ty of SLE a u t o a n t i b o d i e s . 
The po lys ty rene m i c r o t i t e r p l a t e s were coated 
with nDNA ( • ) , c a r d i o l i p i n ( O ) 
and Normal Human Sera a s c o n t r o l ( A O ) 
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microtiter plates were coated with nONA 
and the competitor was nDNA. 
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Fig.7 Iinmunocrossreactivity of DEAE cellulose 
purified SLE autoantibodies. The plates 
were coated with dsDNA.. SLE IgG 
( • and /5^  ). 
Inset, Competitive binding studies by 
ELISA of SLE autoantibodies. The Poly-
styrene plates were coated with dsDNA 
and the inhibitor was cardiolipin. 
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F i g . 8 Competit ive binding s t u d i e s by ELISA of 
DEAE c e l l u l o s e p u r i f i e d SLE a u t o a n t i b o d i e s . 
The Polys tyrene p l a t e s were coated with 
nDM. The compet i to r s were nDNA( # ) 
ssDNA ( A ) and Br-DNA ( O ) 
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A number of factors limit the sensitivity of ELISA which 
include the type of solid phase and method used to monitor 
enzjrme activity. By increasing the surface area using different 
solid supports for the immobilization of antigen, a considerable 
increase in sensitivity of ELISA was observed. Nylon as solid 
support for antigen immobilization has been employed earlier 
in the detection and quantitation of anti-nuclear antibodies. 
(Ishaq and Ali, 1983; Kumar and Ali, 1984; Ali and Ali, 1986). 
The anti-DNA antibody activity in normal and SLE sera was 
detected by ELISA on nylon beads. High binding activity was 
observed with an SLE serum whereas normal human serum was negative 
for DNA binding (Fig.9). 
Calf thymus DNA (B-DNA) in high ionic concentration was 
brominated and its UV absorption spectra recorded after exhaustive 
dialysis in TNE buffer (15mM Tris-HCl, pH 7.2/l50mM NaCl/lmM 
EDTA). Native DNA and its brominated form exhibited marked 
changes in their UV absorption pattern (Fig.10). A decrease 
in absorption at 260nm and in the ratio of 260nm/280nm and 
260nm/290nm was observed (Table 2). 
Antibodies against brominated DNA were induced in rabbits 
after complexation with methylated bovine serum albumin (MESA) 
in the presence of Freund's complete/incomplete adjuvant. High 
titer antibodies were produced (Fig.11). The binding of induced 
antibodies was also checked with cardiolipin. Direct binding 
ELISA with polystyrene plates coated with cardiolipin indicated 
appreciable binding in comparison to preimmune serum (Fig.11), 
Fig.9 Immunocrossreactivity of SLE autoantibodies. 
Nylon beads as solid support were coated 
with nDNA. Normal human sera ( A ) and 
SLE sera ( % ). 
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Fig .10 UV a b s o r p t i o n c h a r a c t e r i s t i c of nDNA ( 
and brominated DNA ( ) . 
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TABLE 2 
UV Absorbance of Native and Brominated DMA 
Br-DNA 
1.21 
0,80 
0,62 
1.51 
1.95 
Wave l e n g t h 
nm 
260 
280 
290 
260/280 
260/290 
dsDK 
1.61 
1.00 
0 .67 
1.61 
2.40 
F i g . 11 Iroiriunocrossreactivity of a n t i brominated 
DNA a n t i b o d i e s . The Po lys ty rene p l a t e s 
were coated with Brominated DNA ( O ) 
C a r d i o l i p i n ( • ) and Preimmunized 
sera ( A and Q ) , 
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4^ 
Competition ELISA with BrDM, nDNA and ssDM as inh ib i to r indica-
ted appreciable inh ib i t ion with a l l the competitors ( F i g , l 2 ) , 
Fif ty percent inh ib i t ion in antibody a c t i v i t y was obtained with 
13.5 ug, 22,5 ug and 35 ug/ml of BrDNA, ssDNA and nat ive DM 
respec t ive ly . The phospholipid was not a good inh ib i to r i nd i ca t -
ing mild cross r e a c t i v i t y as the maximum inh ib i t ion achieved was 
about 26 percent (F ig ,13) . 
Immune IgG was i so la ted by DEAE ce l lu lose chromatography 
and employed in the d i r e c t binding and inh ib i t ion s t u d i e s . The 
r e s u l t s indicated appreciable binding with Br-DNA (F ig ,13) . 
Inh ib i t ion of Br-DNA binding to IgG by Br-DNA, nDNA, ssDNA and 
poly(dG»dC)^ was a lso attempted (Figs . 14,15) . Fif ty percent 
i nh ib i t i on was seen a t a Br-DNA concentration of 1,6 ug/ml, 
Native DNA did not i n h i b i t the antibody a c t i v i t y whereas ssDNA 
was an effect ive i a h i b i t o r . In l a t e r case, f i f t y percent i n h i b i -
t ion was obtained with 14,5 ug/ml of i n h i b i t o r . Appreciable 
i nh ib i t i on was recorded with brominated poly(dG,dC),poly(dG.dC), 
With t h i s polymer the maximum inh ib i t ion was over 44 percent a t 
a concentration of 10 ug/ml (Fig,14 and 15, Table 3 ) , 
A mixture of calf thymus DNA and Psoralen in solut ion were 
i r r a d i a t e d a t 365nm for one hour. The samples were dialysed and 
the UV absorption spectra (Fig , l6) indicated the formation of 
the photoadduct. Native DNA and DNA-Psoralen photoadduct exhibited 
marked changes in the i r UV absorption pa t t e rn , A decrease in 
absorption a t 260nm and in the r a t i o of 260nm/280nm and 260nm/ 
290nm was observed (Table 4 ) , Antibodies were produced in r abb i t s 
Fig.12 Competit ive binding s t u d i e s by ELISA of 
an t i -b romina ted DM a n t i b o d i e s . The 
po lys ty rene m i c r o t i t e r p l a t e s were coated 
with Br-DNA. and the compet i to r s were 
Br-DNA ( # ) , ssDNA ( ^ ) and 
nDNA ( o ) i n s e t . 
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Fig .13 Immunocrossreac t iv i ty of DEAE c e l l u l o s e 
p u r i f i e d ant i -bromo dsDM a n t i b o d i e s . The 
po lys ty rene p l a t e s were coated with bromo-
dsDNA, Immunized { % ) and Preimmunized 
( A ) . I n s e t , compet i t ive binding study 
by ELI3A of antibrorao dsDNA a n t i b o d i e s , 
The ELISA p l a t e s were coated with bromo-
dsDNA and the i n h i b i t o r was c a r d i o l i p i n , 
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Fig .14 Competit ive binding s t u d i e s by ELISA of 
DEAE c e l l u l o s e p u r i f i e d an t i -b romina t ed 
DM a n t i b o d i e s . The po lys ty rene micro-
t i t e r p l a t e s were coated with brominated 
DNA. and the compet i to r s were bromo-
dsDNA ( • ) and ssDNA ( A ) . 
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Fig»15 Competit ive binding s t u d i e s by ELI,SA of DEAE 
c e l l u l o s e p u r i f i e d an t i -b rora ina ted DNA a n t i -
b o d i e s . The po lys ty rene m i c r o t i t e r p l a t e s 
were coated with bromo-dsDM and the compet i -
t o r s were bromopoly(dG.dC).poly(dG.dC) ( • ) 
and nDNA ( ^ ) . 
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Psora len ( ) and DNA-Psoralen pho to -
adduc t{ )_ 
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TABLE 4 
U l t r a v i o l e t Absorbance of DNA-Psoralen Photoadduct 
Wavelength DNA DNA-Psoralen Adduct 
nm 
260 
280 
290 
260/280 
260/290 
1.80 
0,92 
0 .44 
1.96 
4.09 
0.82 
0.52 
0 .36 
1.57 
(23.8) 
2 .28 
(44.18) 
The values in paranthesis represents percent decrease in 
absorption ratio, 
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against DM-Psoralen photoadduct after forming complex with MBSA 
and emulsifying it in Freund's complete/incomplete adjuvant, 
The immunized sera v/as collected after second and third injec-
tions. The antibodies have been formed when the animals were 
immunized with DNA-Psoralen adduct (Figs,17,18), 
Antibodies against heat denatured calf thymus DNA were 
raised in rabbits. High titer (1:12800) of antibodies were 
elicited (Fig.19)« The induced antibodies were specific for 
single stranded DNA as fifty percent inhibition was obtained 
with only 17.5 ug/ml of inhibitor (Fig,20). The experimental 
data obtained in this studies was analysed for precission by 
measurement of coefficient of variation. The results are shown 
in Table 5 to 7. 
Fig .17 Immunocrossreact iv i ty of a n t i DNA-Psoralen 
photoadduct a n t i b o d i e s . The po lys ty rene ._ 
raicrotiter ELISA p l a t e s were coated with 
DNA-Psoralen photoadduct . Preimmunized ( /^ ) 
and immunized ( • ) . 
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Fig ,18 Imniunocrossreact ivi ty of a n t i DNA-Psoralen 
photoadduct a n t i b o d i e s . Nylon beads a s 
s o l i d phase for ELISA were coated with DM-
Psora len photoadduct . Preimmunized { £:^ ) 
and immunized ( ^ ) , 
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Fig»19 Immunocrossreactivity of anti-ssDNA ant ibodies , 
The polystyrene micro t i te r p la tes were coated 
with ssDNA.. Preimmunized ( A ) and 
immunized ( • ) , 
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Fig.20 Competitive binding studies by ELISA of a n t i 
ssDM ant ibodies . The polystyrene micro t i t e r 
p l a t e s were coated with ssDM and the i nh ib i -
tor was ssDNA. 
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TABLE 5 
The C o e f f i c i e n t of V a r i a t i o n fo r Na tu ra l l y Occuring anti-DNA 
a n t i b o d i e s by ELISA 
Log serum D i l u t i o n ^ ^ ^ f ^ f ^ ^ ° ! o - 2 C o e f f i c i e n t of 
° Mean + S.D.xlO v a r i a t i o n % 
2 ,0 59 1 16 27 
2 . 3 6 0 + 2 5 41 
2 , 6 49 + 16 32 
2 .9 3 3 + 9 27 
3 ,2 33 + 10 30 
3.5 3 0 + 9 30 
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TABLE 6 
C o e f f i c i e n t of V a r i a t i o n for Exper imenta l ly induced Ant ibodies 
Aga ins t Br-DNA by ELISA 
„ . , . . Absorbance C o e f f i c i e n t of 
Log Serum D i l u t i o n _2 v a r i a t i o n (%) 
Mean + S.D.xlO ^ V a r i a t i o n {%) 
2 ,0 46 + 5 .28 11 
2 . 3 39 + 5 .68 15 
2 .6 33 i 5,79 18 
2 .9 29 + 7.18 25 
3^2 26 + 6.17 24 
3.5 16 + 3 ,87 24 
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TABLE 7 
C o e f f i c i e n t of v a r i a t i o n for expe r imen ta l ly induced a n t i b o d i e s 
a g a i n s t DNA-Psoralen photoadduct by ELISA 
^.^ ^. Absorbance C o e f f i c i e n t of 
Log Seru« Dxlutxon ^^^^ ^ ^^^^^^^., , , , , 3 , , , „ ( „ 
2 ,0 2 5 + 1 0 40 
2 ,3 25 t 11 A4 
2 .6 25 1 11 44 
2 .9 23 i 11 47 
3.2 2 0 + 9 45 
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DISCUSSION 
Circulat ing antibodies aga ins t native DNA have been 
found in sera of pa t i en t s with autoimmune disorders (S to l l a r , 
1981,1986). The antibody i s most prevalent in pa t i en t s with 
systemic lupus erythematosus (SLE) where i t s t i t e r has been 
cor re la ted with c l i n i c a l manifestations (Tan, 1981). The basic 
questions on the or ig in of anti-DM antibodies in SLE and 
other autoimmune diseases has not been answered. However, 
recen t s tudies (Pollard e t a l , 1986; Shoenfeld e t a l , 1983) 
point out tha t native DNA might ac tua l ly be a cross react ing 
antigen whereas some other s t ruc ture s t imulates the antibody 
response. Modified DNA appears to be a po ten t i a l immunogen. 
Conformation va r i an t s of B-DNA and DNA-RNA hybrids are immuno-
genic (S to l l a r , 1975; Rich e t a l , 1984). Of special significance 
are the ant ibodies agains t l e f t handed Z-DNA (Lafer, 1981). 
In order to understand the or igin of an t i -na t ive DNA ant ibodies , 
the f i r s t requirement no doupt i s to e s t ab l i sh the fine spec i f i -
c i t y of na tura l ly occurring autoant ibodies . 
In the present study, assay of anti-DNA ant ibodies in 
the sera of pa t i en t s with SLE was carr ied out by employing 
enzyme linked immunosorbent assay. Both, polystyrene p la te s 
and nylon beads as sol id phase were used for the assay. A high 
t i t e r of anti-DNA antibodies was detected by the d i r e c t binding 
methpd. Inh ib i t ion s tudies were car r ied out for both serum as 
well as IgG, i so la ted from the serum. The high percent inh ib i t ion 
u 
values for both serum and IgG with native DNA suggests the 
high spec i f i c i ty of anti-DNA antibodies present in the hetero-
geneous SLE sera for native double stranded polymer. This 
c l ea r ly shows tha t the autoantibodies in the SLE sera are mainly 
recognizing the sugar phosphate backbone of the double stranded 
DNA. The ant ibodies also recognized single stranded molecule 
but to a l esse r ex ten t . In t h i s case the antibody i s probably 
recognizing the secondary s t ruc ture in the single stranded 
molecule. The presence of anti-DNA antibodies in SLE sera having 
grea ter binding eff iciency with dsDNA as compared to ssDNA i s 
not a very common type of antibody. The most prevalent type of 
ant ibodies favour ssDNA over tha t of dsDNA. The anti-DNA antibody 
also reacted to a l e s se r extent with brominated DM. The polymer 
was brominated under high s a l t concentration and the p o s s i b i l i t y 
of the existance of Z-conformation as a r e s u l t of modification 
has been indicated by spectroscopic s t ud i e s . There are two 
c lasses of anti-Z-DNA antibodies in SLE sera (Lafer e t a l , 1981). 
One population of ant ibodies are specif ic for Z-conforrnation 
without any r e a c t i v i t y towards native DNA, while the other c lass 
of ant ibodies r eac t s with B and Z-DNA. To which c l a s s , t h i s 
p a r t i c u l a r antibody belongs i s under inves t iga t ion . I t would be 
in t e re s t ing to mention tha t even monoclonal anti-DNA ant ibodies 
show considerable degree of po lyspec i f ic i ty react ing with both 
polynucleotides and phospholipids (Lafer e t a l , 1981). They also 
bind to ce l l surface prote ins which are not destroyed by DNase 
treatment (Jacob e t a l , 1984), 
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Our result indicate the recognition of cardiolipin by 
anti-DNA antibody. The common structural feature in both 
nucleic acid and cardiolipin is phosphate backbone. Therefore, 
the results indicate that the antibody is recognizing phosphate 
backbone directed conformation of the various antigen molecules. 
Brominated DNA has been found to be highly immunogenic 
in experimental animals. The induced antibodies not only bind 
Br-DNA but cardiolipin as well. Competition experiments indi-
cated the specificity in the order of Br-DNA^ ssDNA > nDM. 
Studies with IgG indicated that the induced antibody is specific 
for the brominated poljnner where as no reactivity was found with 
B-DNA. Appreciable reactivity of IgG was noticed with brominated 
poly(dG.dC).poly(dG.dC). This polymer is known to exist in 
Z-conformation when brominated under high salt concentration. 
The induced antibodies are thus conformation specific recogning 
Z-conformation as well as altered conformation on the brominated 
polymer. 
Native DNA is a poor immunogen and its immunogenic form 
has not been identified. The experimentally induced antibodies 
are specific for single stranded polymer (Plescia et al, 1964). 
Drugs that can bind to DNA are more likely to induce anti-
nuclear antibody formation (Graber, 1974), One such drug is 
furocoumarin which are widely distributed in nature and exten-
sively utilized for the treatment of skin diseases and as chemical 
probe for chromatit\ structure (Dover and Stern, 1985; Cech and 
Pardue, 1977), The action of these drugs (the parent compound 
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i s Psoralen) in the skin disorders are due t o the i r a b i l i t y 
to form DM adducts following UV-A l i g h t (320-400 nm) exposure. 
In the present inves t iga t ion , DNA-Psoralen photoadduct was 
prepared by i r r a d i a t i n g the mixture a t 365nm. The formation 
of photoadduct was evident from UV absorption c h a r a c t e r i s t i c s . 
Immunization of experimental animals with DNA-Psoralen photo-
adduct resul ted in the formation of high t i t e r an t ibod ies . 
I t could be assumed from these s tudies tha t s t ruc tu ra l 
changes in double stranded DNA in te rac t ion with chemical and 
physical agents render i t highly immunogenic r e su l t i ng in the 
formation of high t i t e r an t ibodies . Whether a s imilar mechanism 
i s contributory in the pathogenesis of SLE i s remains to be 
inves t iga ted . 
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